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1, INTRODUCTION 

Antenna become important part of electric devices in the field of wireless communication system 
since 1888 [1, 2]. In the recent years the development in modern wireless communication system requires 
low profile, light weight, high gain and high efficiency characteristics like radar, mobile, satellite, GPS and 
etc.. Microstrip antenna satisfies such requirements [3, 4]. It has various attractive feature such as, 
light weight, low cost, conform ability to shaped surface, compatibility with integrated circuitry and thin 
profile antennas that are capable of maintaining high performance over a wide spectrum of frequencies [5-8]. 
Despite the many advantages of typical microstrip antenna they also have limitations, narrow bandwidth, 
low gain, and relatively large size [7, 9]. 

The ultra-wideband (UWB) is an emerging radio technology that has received much attention. UWB 
communication systems can be broadly defined as any communication system whose instantaneous 
bandwidth is many times greater than the minimum required to deliver particular information and it plays a 
dominate role in wireless communication system [2, 10]. In 2002, FCC (Federal communication commission) 
allowed (3.1- 10.3) GHz unlicensed become a variable for commercial applications and military [11, 12]. 
This technology has more advantage low consumption, high data rate transmission, reducing the multipath 
effect which may cause fading and high degree of reliability and accuracy [1, 2]. These advantages made it 
required in many application such as wireless communication system and biomedical application [2]. 

To widen the bandwidth, there are more suggestion to design UWB antenna. Gagndeep Sahu, and 
Tejaswini R. Choudri in [10] presented that, proximity coupling with array triangular shaped patch of 
different size has been used to overcome on low bandwidth case resultant from difficulties in impedance 
matching and low coupling levels. Hafid Tizyi et al. in [2] presented that, fractal shape with progressive 
evaluation of the impedance technique between the feed and radiation element has been used to achieve 
increasing in bandwidth. Raad H. Thaher in [1] presented that, a circular microstrip antenna with partial 
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ground plane has been used to achieve suitable antenna for UWB. Mohamed A. Hassanien et al. in [5] 
presented that, a rectangular microstrip patch antenna with U-shape slot in the patch and a finite ground plane 
has been used to achieve antenna for UWB application. Raad H. Thaher, and Saif Nadhim Alsaidy in [12] 
presented that irregular pentagonal patch antenna has been used instead of regular pentagonal patch with 
partial ground plane to overcome the dual bandwidth and obtain single band UWB. 

In proposed antenna is used simple shape in patch plane is P-shape and partial ground plane with 
some slots to improve the characteristics of antenna as would explain in next sections. The characteristic 
impedance can be expressed by [7]. 
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where 
E-erf 1S effective dielectric constant 
W; is the feeder width 
h is the substrate height 

This proposed antenna is the first step of design 2-element P-shaped microstrip antenna array which 
was mentioned in the research paper [13], and it is beneficial for applications located at frequency bands 
were allocated in U.S. and European such as, Radar, Mobile, amateur radio, police speed radar, public and 
privet fixed microwave, unlicensed industrial, scientific, and medical communication devices [14, 15]. 


2. THE PROPOSED ANTENNA 

Figure 1 shows the P-patch antenna geometry with dimensions. The substrate is chosen for this 
antenna 1s FR-4 that has dielectrical constant ¢,=4.3and loss tangent of 0.02 with thickness h = 1.6mm and 
area (33x30) mm?. Now let us make the parametric study of the proposed antenna. 








(b) 


Figure 1. The p-patch antenna (a) The front view (b) back view 


2.1. Effect of ground length Lg 
The effect changing the length of ground Lg appears in Figure 2 it is found that Lg =10 mm give 
preferable BW from (5.883- 9.9) GHz with (reflection coefficient) S,, <-10 dB. 
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Figure 2. Effect of ground length Lg 
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2.2. Effect of ground width Wg 


The effect changing the width of ground Wg appear in Figure 3 it is found that Wg =28 mm give 
preferable BW from (5.883- 9.9) GHz with reflection coefficient S,, <-10 dB. 
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Figure 3. Effect of ground width Wg 


2.3. Effect of feeder length Lf 


The effect changing the length of feeder Lf appear in Figure 4 it is found that Lf =18 mm give 
preferable BW from (5.883- 9.9) GHz with reflection coefficient S,,< -10 dB. 
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Figure 4. Effect of feeder length Lf 


2.4. Effect of feeder width Wf 
The effect changing the feeder width Wf appear in Figure 5 it is found that Wf = 1.4mm give 
preferable BW from (5.883 - 9.9) GHz with reflection coefficient S,, <-10 dB. 
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Figure 5. Effect of feeder width Wf 


2.5. Effect of inner radius r2 


The effect changing the inner radius r2 appear in Figure 6 it is found that r2 =4.4 mm give 
preferable BW from (5.883- 9.9) GHz with reflection coefficient S,, <-10dB. 
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S-Parameters [Magnitude in dB] 
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Figure 6. Effect of inner radius r2 


2.6. Effect of outer radius r1 
The effect changing the outer radius rl appear in Figure 7 it is found that rl=4.7 mm give preferable 


BW from (5.883- 9.9) GHz with reflection coefficientS,,< -10 dB. 
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Figure 7. Effect of outer radius rl 


2.7. Effect of making slots in ground plane 
For improve the antenna characteristics, some slots are etched in ground. The first slot at middle of 


ground plane with dimensions (X1=2xX2=2.8) mm? that give BW from (5.75 — 10.234) GHz with S,,< - 
10dB. Then 4 slots are etched on the two sides of the middle slot with dimensions (X3=2.8 x X4=0.5) mm? 
with space between each other equal to X5=2.8 mm, getting multiband from (5.674 -6.97) GHz and from 
(7.54-10.234) GHz. 

To improve the BW and to overcome the multiband case, rectangular slot made on the left of the 
ground with dimension (Y=4.5 x Z=8.5) mm? as shown in Figure 8 It is obvious give best BW from (5.674 - 


10.253) GHz. 
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Figure 8. (a) 5 Slot and rectangular slot in ground. (b) Effect of 5 slot and rectangular slot in ground 
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Table 1 shows the optimum parameter values of the modified antenna. 


Table 1. Antenna Parameter Values 


Parameter Value (mm) Parameter Value (mm) 

Ls 33 Xi 2 

Ws 30 X2 2.8 

Lg 10 X3 2.8 

Weg 28 x4 0.5 

Lf 18 X5 2.8 

Wt 1.4 Y 4.5 

R1 4.7 Z 8.5 

R2 4.4 


The proposed patch antenna is fabricated. Figure 9 shows the photograph of the fabricated P- shaped 
antenna. 
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Figure 9. Fabricated P-shape patch antenna (a) Top view (b) back view 


3. CHARACTERISTICS OF THE PROPOSED P-PATCH ANTENNA 
Now let us describe the characteristics of the proposed antenna with optimum parameters values. 


3.1. S-parameter and VSWR 

The fabricated antenna is shown in figure (9) has simulated results that obtained on it from CST 
(Computer simulation Technology) and measured results tested by VNA (vector network analyzer). 
Figure 10 shows simulated and measured return loss variation with frequency. Where S,, = 10logI (I is the 
reflection coefficient). However the voltage standing wave ratio (VSWR) against frequency is shown in 
Figure 11. 
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Figure 10. S-parameter versus frequency for measured and simulated results comparison 
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1D Results\VSWR\VSWR comparsion 





Figure 11. Return loss versus frequency 


The VSWR 1s the ratio of the peak amplitude of a standing wave to minimum amplitude of standing 
wave [12] also it is a measure of matching between antenna and transmission line. VSWR is function to the 
reflection coefficient and the acceptable VSWR << 2 in pass band. 


1+|r| _ Vmax 
1-|r| Vmin 


VSWR = 





where 
I 1s reflection coefficient [6]. 


__ Reflectionvoltage _ Zr-Zo 


Incident voltage  ZR+Zo 


where 
Zr=Load impedance. 
Zo=Characteristic impedance [6]. 

It is noted that, there 1s a good agreement between measured results and simulated results with some 
errors due to the fabrication errors which include discontinuity and €, in addition to difficulty of 
manufacturing the antenna. 


3.2. Antenna gain 
The simulated gain for the p-patch antenna appears in Figure 12. The gain varies from 2.809dBi to 
4.947dBi. 


Max Gain over Frequency 
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Figure 12. Gain for the p-patch antenna 


3.3. Current Distribution 

P-patch antenna current distribution is shown in Figure (13) at frequencies (6.1, 8, 9.7987) GHz. 
Figure 13(a) shows the current distribution at frequency (6.1) GHz it has maximum current (90.1 A/m). 
Figure 13(b) shown the current distribution at frequency (8) GHz it has maximum current (95.1A/m). 
Figure 13(c) shown the current distribution at frequency (9.7987) GHz it has maximum current (105A/m). 
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Figure 13. Currents distributions for following frequencies (a) 6.1GHz; (b) 8 GHz; (c) 9.7987GHz 


3.4. Far Field Radiation Pattern 

Figure 14 shows the simulated radiation patterns of the proposed antenna in E-plane (Y-Z plane) 
and H-plane (X-Z plane) for three frequencies within band which are (6.1, 8, 9.7987) GHz. Figure 14(a) 
shows the radiation pattern at 6GHz, in the E-plane, the magnitude of main lobe is (1.26) dBi in the direction 
(11.0) with the angular width (3dB) is (109.3° ), in the H-plane, the magnitude of main lobe is (3.08) dBi in 
direction (177 ) with the angular width (3dB) is (78.9 ). Figure 14(b) shows the radiation patterns at 8GHz, in 
the E-plane, the magnitude of main lobe is (0.507) dBi in the direction (74 ) with the angular width (3dB) 1s 
(236.8 ), in the H-plane, the magnitude of main lobe is (4.25) dBi in direction (13.6 ) with the angular width 
(3dB) is (65.1 ). Figure 14(c) shows the radiation patterns at 9.7987GHz, in the E-plane, the magnitude of 
main lobe is (1.45) dBi in the direction (70.0 ) with the angular width (3dB) is (114.2°), in the H-plane, the 
magnitude of main lobe is (4.17) dBi in direction (154 ) with the angular width (3dB) is (71.9). 
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Figure 14. Far field radiation pattern for (a) 6.1GHz; (b) 8 GHz; (c) 9.7897GHz 


3.5. 3D Radiation Pattern 

Figure 15 shows the simulated 3D radiation pattern of the p-patch antenna at frequencies 
(6.1, 8, 9.7987) GHz. These plots appears maximum directivity (3.08, 4.43 and 4.83) dBi for frequencies 
(6.1, 8, and 9.7987) GHz respectively. 
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Figure 15. 3D radiation pattern for the proposed antenna for (a) 6GHz; (b) 8GHz; (c) 9.7987GHz 


3.6. Group delay 

Group delay is an important parameter in UWB antenna design; it gives the distortion of the 
transmitted pulses in UWB communications [2]. The antenna should be able to transmit the electrical pulse 
with minimum distortion [12]. Figure 16 shows the group delay for the proposed antenna, it varies from 0.25 
ns to -0.25ns. 
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Figure 16. Group delay for the proposed antenna 


4. CONCLUSION 

The P-shaped patch antenna was designed and simulated results were obtained for optimum values 
of variables (Lf, Lg, rl, r2). It is found that adding slots in the ground plane will enlarge the band width from 
(5.883-9.9) GHz to (5.674-10.234) GHz resulting gain of 2.809 dBi to 4.947 dBi. This antenna can be used 
for applications were placed within the U.S. and European frequency bands allocated such as radar, mobile 
and other wireless communication. The current distribution of such antenna is considered at frequencies 
within the operation bandwidth which gives maximum current of 90.1A/m, 95.1A/m, and 105 A/m at 
6.1GHz, 8GHz, and 9.7987GHz respectively. Also, the 3D radiation pattern shows that the antenna gives 
maximum directivity of 4.83dBi at 9.7987GHz. The antenna size is (30x30x1.6) mm? with FR-4 substrate. 
The fabricated antenna is tested by VNA and compared the practical result with the simulation result and 
concluded reasonable agreement between results. 
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